In the present study the chemical composition of the essential oils from aerial parts of Bonannia graeca (L.) Halácsy and Opopanax chironium (L.) Kock, and from aerial parts and roots of Eryngium maritimum L. was evaluated by GC and GC-MS. α-Pinene (15.2%) and β-pinene were recognized as the main constituents of B. graeca, whereas the aerial parts of O. chironium contained mainly the diterpene cembrene and the coumarin angelicin. In both aerial parts and roots of E. maritimum germacrene D (10.4% and 15.9%, respectively) and 2,4,5-trimethylbenzaldehyde (8.3% and 6.7%) were the most abundant components. Opopanax chironium (L.) Koch is a plant indigenous to the Western Mediterranean area that grows one to three feet high and produces a large, yellow inflorescence [6a]. A consumable resin with a pleasant and persistent smell, with antispasmodic and deobstruent activities, also used in the treatment of menstrual disorders, asthma, chronic visceral afflictions [6b] can be extracted from O. chironium by cutting the plant at the base of a stem and sun-drying the juice that flows out. The composition of the aerial parts and roots of O. chironium has been largely investigated. C-17 acetylenes [7a] and various phthalides were identified in the roots [7b], whereas the ethereal extract of the roots of O chironium cultivated in France from seeds collected in the city of Olympie (Greece) yielded peucelinenoxide acetate, a new natural product with an irregular diterpene skeleton, besides the known coumarins gaudichaudin, columbianadin, peucedanin and officinalin isobutyrate [7c]. Furthermore, the presence of two distinct chemotypes was evidenced: the one from Sicily afforded, besides known coumarins, two new dihydrofuranocoumarins, while in the extract from the Sardinian chemotype, were identified different coumarins including the two prenylated furanocoumarins heraclenin and imperatorin that showed powerful apoptotic activity in Jurkat leukemia cells [7d].
Bonannia graeca (L.) Halácsy, Apiaceae family, is a rare plant growing in several Mediterranean areas, such as the southern parts of Italy and Greece [1] . It is known for its toxicity against herbivores and for causing the death of lambs feeding on the aerial parts during its blossoming season (June-July). Our previous phytochemical investigations of this species allowed us to isolate a new irregular diterpene, bonandiol [2a] , and seven new Cgeranylated flavonoids [2b-2d] , some of which show good cytotoxic activity [2d] .
The genus Eryngium, subfamily Saniculoideae, family Apiaceae, is represented by 317 accepted taxa worldwide and is known to contain acetylenes, flavonoids, coumarins and triterpene saponins [3a] . E. maritimum L. (sea holly) is a halophytic species commonly found along Mediterranean and Atlantic coast and generally grows in sand hills. The young cooked shoots are used as an asparagus substitute [3b], whereas the cooked or roasted roots are used either as a vegetable or candied [3c] . Sea holly roots were collected on a large scale in the 17th and 18th centuries in England and were candied, then used as restorative, quasi-aphrodisiac lozenges [3d] . The plant is still used in modern herbalism where it is valued, especially for its diuretic action. Aerial parts and roots are reported to be aphrodisiac, aromatic, diaphoretic, diuretic, expectorant, stimulant and tonic [3e, 3f] . Used externally as a poultice, the dried powdered root aids tissue regeneration [3g]. However, literature on possible activities of sea holly only highlights anti-inflammatory and antinociceptive properties [4a] Opopanax chironium (L.) Koch is a plant indigenous to the Western Mediterranean area that grows one to three feet high and produces a large, yellow inflorescence [6a] . A consumable resin with a pleasant and persistent smell, with antispasmodic and deobstruent activities, also used in the treatment of menstrual disorders, asthma, chronic visceral afflictions [6b] can be extracted from O. chironium by cutting the plant at the base of a stem and sun-drying the juice that flows out. The composition of the aerial parts and roots of O. chironium has been largely investigated. C-17 acetylenes [7a] and various phthalides were identified in the roots [7b], whereas the ethereal extract of the roots of O chironium cultivated in France from seeds collected in the city of Olympie (Greece) yielded peucelinenoxide acetate, a new natural product with an irregular diterpene skeleton, besides the known coumarins gaudichaudin, columbianadin, peucedanin and officinalin isobutyrate [7c] . Furthermore, the presence of two distinct chemotypes was evidenced: the one from Sicily afforded, besides known coumarins, two new dihydrofuranocoumarins, while in the extract from the Sardinian chemotype, were identified different coumarins including the two prenylated furanocoumarins heraclenin and imperatorin that showed powerful apoptotic activity in Jurkat leukemia cells [7d] .
As a continuation of our researches on Sicilian plants [8] , we decided to investigate on the chemical composition of the essential oils of these three species, all belonging to the Apiaceae family and all growing in the central part of Sicily. No reports have been published on the essential oil composition of B. graeca and O. chironium, whereas from the essential oil of a population of E. maritimum collected in Corsica four new oxygenated sesquiterpenes have been identified, although the full profile of the oil has not been reported [5c].
Hydrodistillation of B. graeca aerial parts (BG) gave a pale yellow oil. Overall, 36 compounds were identified, representing 95.7% of the total components. These are listed in Table 1 according to their retention indices on a HP 5MS column and are classified on the basis of their chemical structures into several classes. The only significant class is represented by monoterpene hydrocarbons (87.3%) with α-pinene (60.9%) present in large amount, followed by β-pinene (12.1%), β-phellandrene (3.6%) and sabinene (3.6%).
Hydrodistillation of E. maritimum aerial parts (EA) and flowers (EF) gave two pale yellow oils. Overall, 70 compounds were identified NPC Natural Product Communications (56 in EA and 60 in AF), representing 89.7% and 97.6% of the total components, respectively (Table 1 ). The two oils presented a similar composition and also the identity of the most dominant components was the same. Sesquiterpene hydrocarbons form the main class representing 37.8% and 61.8% of the two oils, respectively, with germacrene D as the most abundant component of both oils (10.4% in EA and 15.9% in EF) . The second principal component of the oil of both aerial parts (EA) and flowers (EF) was 2,4,5-trimethylbenzaldehyde (8.3% and 6.7%). In addition, the aerial parts of E. maritimum contain a good amount of spathulenol (4.5%), which was not present in the flowers. Although oxygenated sesquiterpenes are well represented ( 12.3% in EA and 9.4% in EF) with spathulenol (4.5%) as main compound of this class, but present only in aerial parts, it has to be pointed out that the four oxygenated sesquiterpenes, 4βH-muurol-9-en-15-al, 4βH-cadin-9-en-15-al, 4βH-muurol-9-en-15-ol and 4βH-cadin-9-en-15-ol, isolated from the population collected in Corsica [5c], were not found in our sample.
Hydrodistillation of O. chironium aerial parts (OC) gave a pale yellow oil. Overall, 44 compounds were identified, representing 90.6% of the total components (Table 1) . Although sesquiterpene hydrocarbons were the most abundant class (27.9%) with (E)-β-damascenone (3.7%) and β-caryophyllene (3.2%) as main compounds, the principal product of the oil was cembrene (14.6%), the only diterpene detected. (E)-β-Ionone (3.7%) and (E)-geranylacetone (3.3%) were the main components of the carbonylic compounds class (11.7%); of interest is the presence of two coumarins, angelicin (4.5%), the second product of the oil, and psoralen (1.9%). The presence of coumarins is in agreement with previous investigations carried out on the acetone extract of O. chironium [7d] and on the dichloromethane extract of O. persicum, a species endemic of Turkey, Iran, Iraq and Transcaucasia [9] .
As stated by Chizzola [14] , different volatiles can be identified in the essential oils from Apiaceae, but monoterpenes are frequently found and particularly α-pinene is amongst the major compounds in many species. This is in agreement with the composition of B. graeca, where α-pinene is present in large amount (60.9%). Sesquiterpenes are also frequent oil compounds in Apiaceae species. In fact, E. maritimum and O. chironium are rich in sesquiterpene hydrocarbons, even if the main compounds differ. In various species of Eryngium different isomers of trimethylbenzaldehyde have been found, and this conforms to the finding of 2,4,5-trimethylbenzaldehyde both in aerial parts and flowers of E. maritimum. As regards the presence of the two coumarins angelicin and psoralen in O. chironium oil, furanocoumarins are usually not recovered in distilled oils, but they have been found previously in various Apiaceae, for instance in the genera Pastinaca and Heracleum. Diterpenes are instead more common in the family and can be found above all in Eryngium species, while the diterpene cembrene, which we found in a good amount in O. chironium oil, is rare in the Apiaceae family. Isolation of the essential oil: For the isolation of the essential oils, the air-dried samples (lots of 25 g) were ground in a Waring blender and then subjected to hydrodistillation for 3 h using n-hexane as a solvent, according to the standard procedure previously described [10] . The oils were dried over anhydrous sodium sulfate and stored under N 2 at +4°C in the dark until tested and analyzed. The hydrodistillation yielded 0.07% (BG), 0.93% (EA), 0.84% (EF) and 0.08% (OC), respectively, of yellowish oils.
Experimental
Gas chromatography-mass spectrometry: Analytical gas chromatography was carried out on a Perkin-Elmer Sigma 115 gas chromatograph fitted with a HP-5 MS capillary column (30 m x 0.25 mm, 0.25 μm film thickness), as described previously [15] .
Identification of components:
Most constituents were identified by GC by comparison of their retention indices (LRI) with either those of the literature [11] [12] [13] or with those of authentic compounds available in our laboratories. The linear retention indices were determined in relation to a homologous series of n-alkanes (C 8 -C 28 ) under the same operating conditions. Further identification was achieved by comparison of their MS on both columns, either with those stored in NIST 02 and Wiley 275 libraries or with MS from the literature [12, 13] and our home-made library.
